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New semiconductarray detectors based on CdZnTe have been developed in the last few years, and they are
now being widely used. Their advantages are small size and possibility of operating without cooling. In the
present work, these detectors are used to measure the radiation from spent fuel assemblies in holding ponds
and dry storage sites, unirradiated nuclear materials, and radioactive wastes. The results are analyzed and
compared with other types of detectors. The possible applications of CdZnTe-type detectors are determined.

New CdZnTe-based semiconducyeray detectors have been under intensive development during the last decade.
Such detectors are finding increasingly wider applications monitoring spent nuclear fuel and radioactive wastes [1, 2].

With respect to energy resolution, CdZnTe detectors fall between scintillation and germanium detectors, and even
though they are small, theprray detection efficiency is satisfactory. In contrast to germanium detectors, they do not require
cooling by liquid nitrogen.

The CdzZnTe detectors manufactured by the BSI Company (Latvia) are built in the form of a probe which incorpo-
rates a miniature CdznTe crystal and a preamplifier placed in a sealed 8 mm in diameter and 90 mm long metal case. Tt
small size of the probe and the fact that it need not be cooled make it possible to perform measurements in locations whic
are difficult to access. The small size makes it possible to protect the CdZnTe detector quite simply from\satteaad
to collimate the beam of detectedays.

In the present paper, the application of CdZnTe detectors for various measurements is described. Two detectors
whose characteristics are given in Table 1, were used in the experiments. The efficiency of del]égﬁm‘yMys by detec-
tors differed by approximately a factor of 10.

The detecting apparatus consisted of two different electronic channels — a spectrometric system Multispectrum (BSI
Latvia), intended for operating with detectors of the type given, and a collection of ORTEC modules in the NIM standard
with an ADC board built into the computer (NPTs Aspekt, Dubna).

Measurement of they-Ray Spectrum of Spent Fuel Assemblies from IRT at Moscow Engineering Physics
Institute . Control measurements of spent fuel assemblies, stored in holding ponds and dry storage areas, from different reas
tors are an important and large problem. CdZnTe detectors, which are small and are capable of operating in intense radiatic
fields, are suitable for such measurements. In the present work, experiments with fuel assemblies, whose burnup reached 52
and cooldown time exceeded 4 yr, were performed.

In the first experiment, IRT-3M fuel assemblies [3] were placed in a reloading container in a manner so that the cen-
tral section of the container was located opposite the collimation opening (16 mm in diameter). Both detectors were place:
on the axis of thg-ray beam 50 cm from the container wall. To measure the spectra of the fuel assemblies, the detectors wert
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TABLE 1. Chaacterstics of the Cdzn@ Detectos Emplyed

Detector
Chaacterstics
1 2
Crystal dimensiongnm 34%x34x1.7 2.3x23x1.1
Probe dimensions (diametgrdength),mm 8x90 8x90
Enegy resolution keV
E,=122.1leV ('Co) 6.1 3.2
E,=661.7 keV (**'Cs) 11 6.3
Counts Counts
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Fig. 1.y-Ray specta of a spent IR fuel assemly, measued with
coaxial HPGeq) and CdZn€ (2) detectos No. 2.

connected successfylio the nultispectum unit. The count ate readhed ~50,000 counts/searfthe frst and ~5000 counts/sec
for the second detectdr detector made of ulipure germanium (HPGe) &s also placed on the beam axis bm flom the
container behind a 10 cm tkitead potective wall, which had a 10 mm in diameter collitien opening This measwement
geomety ensued a total load ~5000 counts/sec in the spewnttic channel [4].

The HPGe and CdZm®Tdetectas were used to measaithey-ray specta of thee fuel assenties with diferent
degrees of rnup (Fg. 1). They-ray specta of the spent fuel asseli@s with cooldevn time eceeding 5 yr contain peaks
due to theigsion poducts of3'Cs (661.6 kV) and™3‘cs (604.6 kV and 795.8 &V); these peaks contain anfmaion about
the dgree of lurnup of the fuelThe enegy resolution of the detectomas suficient to sparate these peaks.

During the secondxpeiiment,the fuel asseniies were placed in agactor pool ta dgth of dout 7 m.The detee
tor was bought up to the fuel asselglto within a distanceangng from 0.5 m up to seeral centimetes. The main pob-
lem of the measements was the intenseadidion field produced in the ater aound the fuel asserhb The detector had to
be surounded ly gpproximately 5 cm thik lead shielding with a 5 mm in diameter colltina opening diected tward the
fuel assemly. The total loadeven for measuements with the second detect@adied 150,000 counts/seand the spec
trometer could opete nomally only if a multispectum electonic unit was usedTo avoid touding the veter, the detector
was placed in a sealed stainless steel. ddmemetal housing of the give was adlitionally isolaed from the case to pvent
formation of a paasitic gounding cicuit, which would degrade the engy resolution of the speatm. They-ray specta of
the fuel assemyp in the pool vere similar to those obtained in thest expetiment.

In the thid expeiment, y-scanning of a section of theydstorege site which contained spent EK-10 fuel assédigth
off-loaded fom the eactor coe dout 20 yas ago was perdbrmed Fuel assenites with lumup rangng from 4 to 25% were
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Fig. 2. Stheme of the measeiments ofy rays from spent IR fuel assemlies in a dy
storage site and theunup distibution of the fuel asseriibs: 1) channel ér the dy
storage site br the fuel assenhfs; 2) spent fuel asserhjy 3) measuement bannel;
4) detector holder’) detector shieldingd) collimation openingi7) CdZnTe detectar

placed in ties in special bees,ead containing thee assenlies (Hg. 2). The detector as placed along theekical axis in a
neighboing section of the grstoiage site with a spacing of 5 crhhus,the y-radiaion from the fuel asserlibs was measwd
through an pproximately 50 mm thi& layer of concete The meas@ment pobe vas equipped with lead shielding with an 8 mm
in diameter collimtion openingThe maxinum total load in the measng channel vas 25000 counts/seand the timedr a sin
gle measwement vas 2—3 minThe obsered diference in the intensity df’Cs mdidtion is plained ly the diferent dgree of
burmup of the fuel asserfibs and ly the arangement of the fuel asselids with respect to the detector thy the measements.

Analysis of the Specta. Difficulties anse vhen the peaks in the spectkere anayzed The 137cs 661.7 BV peak
is asymmeic; a peak due to emission of cadmiwrays gpeas on its left-hand shouldérhe s@arte photopeak is essen
tially the sum of tw peaksand the shae of the peak in the obsed spectum dgends on theasolution and theolume of
the cystal. Consequerntl mahemaical models wich are used ér anayzing specia obtained with Ge detectocan lead to
substantial eors.

A method of anafsis implemented in the LSRM computeiogram (All-Russia Scienti€-Reseach Institute of
Physicotednical and Radioeleanic Measuements) vas used to calcuiathe agas of the photopeakBwvo sample peaks
at the starand end of thexpeimental enggy range ae calculéed when a spedif detector is calilated using standdiy-ray
souces. Nat, a linear supgrosition of these tav sample peaks is used to arzalthe meased specuum. The LSRM anal
ysis of they specta gave saisfactoly results.The tio between the aas of the®’'Cs photopeaks in the speagtr obtained
for various fuel asseniiges in CdZnE spectmmetes were identical,within the limits of eror, with the esults obtained in
similar measwrments using a HPGe spextreter

Measurement ofy-Radiation from Unirradiated Nudear Materials. A second detector & used to measithe
y-radiaion specta of Hocks of metallic ntural uranium,VVER fuel elements with @nium dicide with 3.6% erichment
(Fig. 3), and a plutonium sampl@nalysis of the specérled to thedllowing condusions:

* photopeaks beloriig to 239 and®3 are obseved in they-ray specta of umnium samples; the éahment can
not be detenined flom measwements near 100el because theesolution is too la;

* the enagy resolution of the detecteiis adequa to identify isoléed photopeaks — 143.8 and 185e¥/ldue toa
decy of 23y, and photopeakg @66.4 leV and 1001 &V, belondng to 234Mpa a pioduct of then decay of 238, in they-ray
spectum of uanium samples with diérent enichment; this mas it possile to use the imfitely thick sample method to per
form contol measuements of the eimhment of uanium fuel elementsiranium bocks, fuel assemles, and so on; the aceu
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Fig. 3.y-Ray specta of Hocks of naural uranium () and fuel elements
with UO, with 3.6% enichment @). The spectt were measued with
the No. 1 Cdzn& detectar
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Fig. 4.y-Ray spectum of a sample ofrgphite fom aADE-3 reactor athe Sibeian
Chemical CombineThe specttm was measwd with a No. 1 CdZrg detectar

ragy achieved in measung the enichment is higher than in similar measorents using Nal detectysince the peaksaisc

lated and the peak/beground etio is better; in gnciple, the iatio of the umber 0?3 and?*% nudei can be detenined
on the basis of th&®U and*3%U y-rays using the FRAM computer ggram, but this equires thathe pogram be updad,

since the photopeak model used in thegmm does not coespond to the spa of the peaks in the speciobtained with
CdzZnTe detectas; the total load of the measwy channel in sue measugments is lev, so tha the spectsmetic channel can
be assembd from units in the NIM standdrand in the units pduced p NPTsAspekt; the measament time dgends on
the detector ®@lume and the pipeties of the sample (masgomety, and othes) and can be tens of mites.

The spect of plutonium samples @ a moe complicéed stucture and contain marclosely-spaced lines belorg
ing to different plutonium isotoped.he esolution of CdZn& detectas in all enegy ranges is inadequa for obseving indi-
vidual peaks (ecept for the 59.4 &V 241Am peak),even if detectas with a small slume (betteresolution) ag usedso tha
CdznTe detecta ae hadly suiteble for isotopic analsis of plutonium samples.

Measurement ofy-Radiation fr om Radioactve Wastes A CdZnTe detector &s also used to measyrradiaion
from samples of gphite fom decommissioned comno@éal reactos (Fg. 4). Reaks belonigg to y radigion from 60co,
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Fig. 5. y-Ray specta of soil samples ém the egion of the accidenttahe
Chemnobyl nudear paver plant (Belaus,village Masag, Gomel’ oblast) (1)
and flom the Semipatask test aga (“Opytnoe pole”site) @).

134cs,137cs, 150, 15%u, 24 am, and?*3Am are obseved in the speam. These peaks arll isolded and can be aryakd
mahemadically, shoving tha CdZnTe detectos ae suitdle for investigating the adioactve contamintion of graphite These
detectos can be used togve gaphite masony from decommissioned comneéal reactos and br investigations inside dis
posal sitesdr radioactve wastes and in theells aound them.

Measurement of Radioactve Contaminaion of Soil. The frst detector \&s used to measithe adioactve con
tamindion of soil (Rg. 5). The mass of the soil samplasvdout 50 gand the?*'am actvity was 500-1000 Bg/kg

CdznTe detectas male it possite, aside fom odinary methods of measimg soil (sampling oriéld measugments
with a detector placed on a dage on the sugfce being studiedip place a detector in aelv a a dgpth up to 10 cm (accdr
ing to pulbished d#a, a layer of this thikness adinaiily contains 90% of theadiorudides). This males the method uth
more sensitie, since the measements will be pedrmed in a 4t geomety.

In summay, investiggtions hae shavn tha CdZnTe detectas hare useful pplicaions. Ther ae other pospectsdr
using sub detectas, for example monitoiing tednolagical processes durg the poduction of mdear maerials and moni
toring y-rays from liquid radioactve wastesWhen high esolution is not needednd the most imptant aspect is opatonal
simplicity (opeeting without cooling with liquid nitogen) and compactnegben CdZn€ detects hare an adantage.

It is unlikely tha CdznTe spectometes will replace Nal and Ge speotnetes, as asséed in [2]. Moe likely, the
CdzZnTe spectometes will supplement the aenal of speatiscopic instuments.
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